cereus NRS 804, and B. subtilis 15u. All spores were produced by the active culture technique in "G" medium as described by Hashimoto (2). Spores were extensively washed in demineralized water at 2 to 4 C, lyophilized, and stored in a desiccator at room temperature.
Sulfhydryl and disulfide groups play important roles in the physiological and structural functions of proteins in biological systems (3) . Although bacterial spores have been shown to contain significantly higher concentrations of cystine than vegetative cells (6, 8, 9) , no conclusive relationship between sulfhydryl and disulfide groups of dormant or germinating spores has been established. All studies of the disulfide content of spores, to date, have relied upon hydrolysis or hydrazinolysis procedures. Both of these procedures are prone to error, the hydrolysis method because of destruction of cysteine and cystine, and hydrazinolysis because it does not distinguish between cystine and cysteine sulfur, and thus cannot yield accurate estimates of the disulfide content of spores. Karush (5) cereus NRS 804, and B. subtilis 15u. All spores were produced by the active culture technique in "G" medium as described by Hashimoto (2) . Spores were extensively washed in demineralized water at 2 to 4 C, lyophilized, and stored in a desiccator at room temperature.
Spore counts were determined in a model A Coulter counter in 2% KCI. Viable counts were estimated by the plate count technique.
Germination procedures. Germination was performed by suspending 5.0-mg quantities of each spore species in a final 5.0-ml volume containing 50 mM potassium phosphate buffer (pH 7.0) and the appropriate germinants as follows: B. megaterium, 12 mm glucose and 5 mM L-alanine; B. cereus, 5 mM L-alanine and 5 mm adenosine; B. subtilis, 5 mM L-alanine and 20 mm glucose. Incubation temperature was 37 C. Germination was more than 90% complete in 30 min as judged microscopically by loss of refractility. B. subtilis and B. megaterium required heat activation at 95 and 65 C, respectively, for 30 min.
Spore rupture. Disintegrated spores were dryruptured by the technique of Sacks (7) with use of glass beads and a Wig-L-Bug dental amalgamator. Spores and glass beads were mixed in a 1:1 ratio and disintegrated for 5 min under a stream of Dry Icechilled air.
Chemical procedures. Disulfides and sulfhydryls were estimated according to the technique described by Karush (5) . FMA (Nutritional Biochemicals Corp., Cleveland, Ohio) was prepared as a 10-3 M stock solution in 0.01 N NaOH and was stable for several weeks when stored in low actinic glassware. Appropriate volumes of aqueous spore suspensions were mixed with 0.05 ml of stock FMA, diluted to 10 ml with 1 N NaOH, and incubated 3 hr for disulfide measurements. Sulfhydryl groups were similarly measured, except that reactions were conducted in 0. 10 Hirs' technique (4) . We mixed 25-mg quantities of spores with 9 ml of 88% formic acid and 1 ml of 30% H202, and then heated the mixture at 50 C for 1 hr. Suspensions were then lyophilized, and disulfide determinations were performed as described above.
RESULTS
The results of disulfide determinations on three species of spores are given in sequent washing, and they remained resistant to 10-min staining with 0.2% aqueous crystal violet. The sensitivity and ability of the FMA method to distinguish between sulfhydryl and disulfide groups suggested that it could be used to determine the appearance of sulfhydryl groups after physiological germination. The possibility that FMA was adsorbed onto spore surfaces was refuted by the finding that ruptured spores, which present a much larger surface area, gave disulfide values similar to those of intact specimens. Failure of oxidized spores to quench FMA fluorescence discounts the probability that FMA was reacting with some functional group other than disulfide groups and supports the specificity of the method. Failure to influence the disulfide estimates by organic solvent extraction, by lysozyme treatment, and by extraction with 1 N NaCl excludes the possibility that material externally adsorbed from the culture medium or that disintegrated sporangia were contributing to the observed disulfides.
The ability of the FMA method to distinguish between sulfhydryl and disulfide groups provides an excellent tool for studying the fate of disulfides during physiological germination. It has been suggested (9) that the cystine-containing protein structure of spores may play a dual role by stabilizing structure in the dormant spore and by contributing to the burst of physiological activity during germination. Such a dual role would most certainly involve the reduction of part of the spore disulfides. The results presented in Table 2 definitely demonstrate disulfide reduction and suggest that spores possess a disulfide-reducing system that is active during germination. This system is presently under investigation.
